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[57] 



ABSTRACT 



A process for, depositing a biaxially aligned intermedi- 
ate layer over a. non-single crystal substrate is disclosed 
which permits the subsequent deposition thereon of a 
biaxially oriented superconducting film. The process 
comprises depositing on a substrate by laser ablation a 
material capable of being biaxially oriented and also 
capable of inhibiting the migration of substrate materials 
through the intermediate layer into such a superconduc- 
ting film, while simultaneously bombarding the sub- 
strate with an ion beam. In a preferred embodiment, the 
deposition is carried out in the same chamber used to 
subsequently deposit a superconducting film over the 
intermediate layer. In a further aspect of the invention, 
the deposition of the superconducting layer over the 
biaxially oriented intermediate layer is also carried out 
by laser ablation with optional additional bombardment 
of the coated substrate with an ion beam during the 
deposition of the superconducting film. 



26 Claims, 4 Drawing Sheets 
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_ (11), 18 Mar. 1991, at pages 1202-1204; by Reade et al. 

PROCESS FOR ION-ASSISTED LASER in "Characterization of Y-Ba-Cu-0 Thin Films and 

DEPOSITION OF BIAXIALLY TEXTURED LAYER Yttria-Stabilized Intermediate Layers on Metal Alloys 

ON SUBSTRATE Grown by Pulsed Laser Deposition", published in 

_ . ^ . ^ JL . . , 5 Appl. Phys. Lett. 59 (6), 5 Aug. 1991, at pages 739-741; 

The invention described herein arose m the course of, and by Kumar et a), in "Synthesis of Superconducting 

or und^ Contract No. DE-AC03-76SF00098 between YBaaCujO^ Films on Nickel-Based Superalioy Using 

the United [States Department of Energy and the Uni- in Situ Pulsed Laser Deposition", Appl. Phys. Lett. 57 

versity of California for the operation of the Lawrence (24) 10 Dec 1990, at pages 2594-2596. 

Berkeley Laboratory. 10 More recently a process has been described for form- 

BACKGROUND OF THE INVENTION m 6 a biaxially aligned YS2 intermediate layer by rf 

1 xx ij r*u 1 *i sputter deposition of the YSZ material on a substrate 

Thk7nv^, I' r * , u - w while bombarding the substrate with an ion beam of 

I his invention relates to the formation of a high tern- an A ,w„™ ti»v u * ^ 

perature superconducting film on a substrate More 15 Z J 1 ^T" ^ subseq^nt depm.- 

film thereover Ap P L Phys - 60 ( 6 >» 10 Feb * 1992 > at P 8 ^ 769-771. 
2. Description of the Related Art WhiIe the authors of mentioned article on 
Pulsed laser deposition is a demonstrated technique Sp " tter de P™ tion reported advantages from the combi- 
for fabricating high temperature superconducting thin natlon ° f a rf * utter **P<x*k* WIth a simultaneous 
films with excellent resistive transitions (T c ) and high 25 W^^gon ion bombardment, it has been found to be 
critical current densities. This technique ofTers several dlfficuil t0 contro1 3,1 10n bombardment process and a 
desirable characteristics for film fabrication, including sput ? er deP 0 * 1 ** 011 Process being simultaneously carried 
rapid deposition rates, congruent material transfer, and out m the samc chamber, since the various parameters 
simple target requirements. In addition, because pho- which must controUe<I for proper sputter deposition, 
tons induce material removal, a variety of films can be 30 such 45 composition and flow rates, bias voltage, 
deposited without the need for a specialized atmo- 311(1 pressure, are affected by the ion beam in the cham- 
sphere. Such pulsed laser deposition techniques are Therefore, such a modified sputter deposition pro- 
described, for example, by Russo et al. in "Metal Buffer ces& te not deemed to be a practical solution to the prob- 
Layersand Y — Ba — Cu — O Thin Films on Pt and Stain- lem of forming a biaxially oriented intermediate layer 
less-Steel Using Pulsed Laser Deposition", published in 35 over a non-single crystal substrate such as a metal sub- 
J. Appl. Phys. 68 (3), 1 Aug. 1990 at pages 1354-1356, strate - 

and by Russo et al. in "Fabrication and Characterization 11 would, therefore, be desirable to provide an easily 

of Y— Ba— Cu— O Thin films on Stainless Steel Sub- controllable deposition process to deposit a biaxially 

strates" in a paper submitted for publication in High oriented intermediate layer on a substrate without the 

Temperature Superconducting Compounds II, edited by 40 use of a sputter deposition technique. 

%^^),^^^t^^ Mate ^ S ° Citty ' SUMMARY OF THE INVENTION 

Most such high temperature superconducting thin * l k» therefore, an object of this invention to provide 

films have been grown on single crystal substrates a process for forming a biaxially oriented intermediate 

which promote the growth of oriented epitaxial films, 45 kyer on a substrate which will, therefore, permit the 

and the resulting structures are suitable for electronic subsequent formation thereon of a biaxially aligned 

applications. However, such single crystal substrates superconductor film. 

are not suitable for conductor applications, such as The process of the invention comprises depositing a 

electric power transmission; or energy storage using biaxially aligned intermediate layer on a substrate by 

magnetic tapes. 50 laser ablation deposition while simultaneously bom- 

Instead, metal substrates are usually used for such barding the substrate with an ion beam. In a preferred 

applications. However, to avoid metal migration from embodiment, the deposition is carried out in the same 

the substrate into the superconducting film (which can chamber used to subsequently deposit a superconduc- 

destroy the film's superconducting properties) an inter- ting film over the intermediate layer. In a further aspect 

mediate layer is usually formed over the metal substrate 55 of the invention, the deposition of the superconducting 

before depositing the superconducting film. This, in layer over the biaxially oriented intermediate layer is 

turn, has created problems, however, in attempting to also carried out by laser ablation with optional addi- 

achieve the same degree of axial orientation of the su- tional bombardment of the coated substrate with an ion 

perconducting film as obtainable with single crystal beam during the deposition of the superconducting film, 
substrates. 60 

The formation and use of such intermediate layers is BRIEF DESCRIPTION OF THE DRAWINGS 

described, for example, in the aforementioned Russo et FIG. 1 is a top view of the general layout of the 

al. articles, which describe the use of an Ag intermedk apparatus which may be used to practice the process of 

ate layer. The use of a yttrium-stabilized zirconia the invention. 

(Zr02) intermediate layer, commonly referred to as a 65 FIG. 2 is a flow sheet illustrating the process of the 

YSZ layer, is described by Narumi et al. in "Critical invention. 

Current Density in YBaiCujO&s Films on Buffered FIG. 3 is a graph showing the x-ray diffraction 2$ 

Metallic Substrates", published in Appl. Phys. Lett 58 patterns for YSZ intermediate layers deposited on a 
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metal alloy substrate without (3a) and with (3b) ion um-potassium-bismutb oxide. Usually such supercon- 
beam assistance. ducting films as described above are formed to a thick- 

rlG. 4 ts an x-ray diffraction 4>-scan showing the ness ranging from about 100 Angstroms to about 10,000 
in-plane alignment achievable in a YSZ intermediate Angstroms. However, even thicker layers, up to as high 

rnrTfc?^ 60 " 1 ^ ^- u • . 5 ^ 5 micrometers (^m) or higher, are possible and may 

FIG. 5 is a an x-ray diffraction 20-scan showmg the be necessary in some applications. 
t^J^T ?V P^ v ^P^nducting film Referring now to FIG. 1, a substrate 10 is shown in a 
o^nn^ ^ y !^ Y !? IntCnnedmtc Iayer rainless steel vacuum chamber 20 having transparent 
FI^ ^™ k • , ,(^) windows 22 (only one of which Lhown) for 

FIG. 6 ts an x-ray abaction <*-scan showing the 10 viewing and permitting input of the laser beam a gas 

tur7o^ l5 ^30.^^ 

biaxially aligned YSZbtermediate byerTver a non ™*? SuhStratC 10 (t0 ^ * e t0 substrate 
crystalline metallic substrate. spacmg) by target moving means 32 located outside of 

FIG. 8 is a graph plotting the critical current densities ^^^^^ ° n f 8 * ^ a 

achieved, with and without a magnetic field, for a ^ ^« H compnsmg a material capable of forming, 
YBCO superconducting film formed over a biaxially 20 b y ^^lauon, an intermediate layer, as will be de- 
aligned YSZ intermediate layer over a noncrystalline ^^^low ^/ target 36, comprising a 
: metallic substrate. material capable of forming, by laser ablation, a super- 
conducting film on a substrate, such as the supercon- 
DETAILED DESCRIPTION OF THE ducting films discussed above. 

INVENTION ^ Normally target 34 is spaced a distance of from about 

The process of the invention comprises depositing a 3 cm to about 5 0111 from substrate 10, preferably about 
biaxially aligned intermediate layer on a substrate by 4 cm > durm S ^ fbnnation of the intermediate layer, 
laser ablation deposition while bombarding the sub- When m ^ et support 30 is rotated to place target 36 in 
strate with an ion beam to provide a biaxially aligned ^ P 8 *" of **** Deam » to thereby deposit the super- 
texture or orientation to the intermediate layer. Forma- 30 conductor fllin over the intermediate layer, target sup- 
tion of such a biaxially oriented layer, in turn, permits P ort * move <* awa Y from substrate 10 to provide a 
the deposition thereon of a biaxially oriented supercon- preferred spacing between target 36 and substrate 10 of 
ducting film which will exhibit enhanced superconduc- fr° m about 4 cm to about 7 cm, more preferably from 
ting properties over a superconducting film formed about 5 cm to about 6 cm. 

over an intermediate layer which does not exhibit such 35 Substrate 10 may comprise any suitable material to 
biaxial orientation. which the intermediate layer will adhere. Suitable sub- 

By use of the terms "biaxial alignment" or "biaxial strate materials may include any non-crystalline or 
texturing" is meant an axial alignment along the c-axis polycrystalline material upon which one desires to de- 
normal to the plane of the intermediate layer formed by P 05 "* a superconductor film. Preferably, substrate 10 
the a-axis and the b-axis, as well as alignment along an 40 w ^ comprise a metal substrate such as, for example, 
axis lying in the a-b plane of the intermediate layer. stainless steel or a nickel-based superalloy such as 
By use of the term "laser ablation" is meant the evap- Haynes Alloy No. 230. Other examples of suitable sub- 
oration or removal of the target material by the focused strate materials include silica glasses, polycrystalline 
energy of the laser beam. The bulk target material is aluminum oxide, and polytetrafl uoroethy lene (Teflon), 
converted into vapor components of atoms, ions, clus- 45 Chamber 20 is further provided with an ion beam 
ters, and particles. These vapor components are col- generator 40 which is generally focused to provide an 
lected on the heated substrate and form a thin film. ion beam directed toward the center of substrate 10. Ion 

By use of the term "superconducting film" is meant a beam generator 40 may comprise a commercially avail- 
layer of a superconducting material such as, by way of a *>te ion beam generator with a 3 -cm diameter ion gun 
illustration and not of limitation, the superconducting 50 capable of providing an ion beam voltage of at least 
ceramic materials sometimes referred to as 1-2-3 com- about 50 volts and up to any voltage which will not 
pounds because of the atomic ratios of 1 atom of an damage substrate 10. The current capability of ion beam 
element such as a rare^earth (Lanthanum series) ele- generator 40 should be at least about 5 milliamperes 
ment, e.g., lanthanum or yttrium; 2 atoms of another (mA), but the operating current should not exceed 
element such as an alkaline earth metal, e.g., barium or 55 about 60 mA during the deposition, and preferably 
strontium; and 3 atoms of a metal such as copper. The should not exceed about 50 mA. Such an ion beam 
superconducting ceramic also contains from 6.5+ to generator, for example, is commercially available from 
7- atoms of oxygen which may be referred to as Or?-*) the Commonwealth Scientific Company as a Model II 3 
where x is greater than 0 and less than 0.5, resulting in cm ion source ion beam generator, 
a chemical formula such as, for example, XZiCuiOp.^ 60 Ion beam generator 40 is positioned a distance of 
where X represent the first element, eg., a rare earth; from about 3 cm to about 10 cm from substrate 10, and 
and 2 represents the second element, e.g., an alkaline preferably from about 5 cm to about 8 cm from sub- 
earth metaL Other such superconducting ceramic mate- . strate 10. The axis of the ion beam gun in ion beam 
rials include bismuth-strontium-calcium-copper oxides, generator 40 is disposed at an angle with respect to 
thdlium-calcium-barium-copper oxides, bismuth-lead- 65 substrate 10, sufficient to provide an angle of incidence 
strontium-copper oxides, and thallium-calcium-barium- of the ion beam on substrate 10 ranging from about 20* 
lead-copper oxides. Another example of a superconduc- to about 70% and preferably ranging from about 30° to 
ting ceramic oxide, where coprper is omitted, is a bari- about 60*. 
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n™J^J^ m °l ^? her . iGCludeS m mpnt **** ofthe intermediate layer must be suffi. 

tem^^° U ^ w ^ h ^^e gas is flowed cient to prevent the undesirable migration of nSerSs 
S^Jf v f U T (DO i ,howiI > t0 provide ^ » substrate into the superconducting film to be 
r^ Ch f 1°^ °« SUbStfate 10 formed thereover. It has been found that such migration 

Located outside of chamber 20 is a laser source 50. 5 usually is limited to a depth of about 200 Angstroms in 
which may comprise a commercially available pulsed the intermediate layer. Therefore, the tmckness of this 
laser source such as a KrF (248 mn) excimer laser. Laser intermediate layer must be greater than about 200 Anc- 
source 50, which is focused onto target 34 or 36 in stroms. Preferably, the thickness of the intermediate 
chamber 20, may be spaced at any convenient distance layer will be at least about 300 Angstroms, and more 
from chamber 20, with mirrors, such as illustrated mir- 10 preferably the thickness will beat least about 500 Ang- 
ror 52, used to deflect the laser beam as needed. Laser stroms, and typically the thickness win average at least 
source 50 should be a source capable of providing an about 1000 Angstroms. The thickness of the intermedin 
energy density ranging from about 1 Joule/square cen- layer will depend on the properties of the intermedi- 

timeter (J/cra 2 ) per pulse to about 10 J/cm 2 , preferably ate kyer. 

from about 2 to about 3 J/cm 2 ; a repetition rate ranging 15 Preferably, the intermediate layer should also have 
from about 1 to 100 pulses per second, and a pulse dura- thermal expansion properties similar to those of both 
tion ranging from about 100 femtoseconds (10- 13 sec- substrate and the superconductor. That is, the coef- 

onds) to about 1 millisecond, typically from about 30 ficient of thermal expansion of the intermediate layer 
picoseconds to about 30 nanoseconds. Such a commer- should lie as close as possible to the respective coeffici- 
ciaDy available pulsed laser source is available from the 20 ents of thermal expansion of the substrate and the super- 
Questek Company, as a Model 2860 excimer laser. conductor film to be deposited over the intermediate 
Other suitable laser sources include Lambda Physique ^yer. Preferably the coefficient of thermal expansion of 
excimer lasers, Lumonics excimer lasers, and Spectra thc intermediate layer will be either equal to one of the 
Physics nanosecond Nd:YAG lasers. Films have also res Pective coefficients of thermal expansion of either 
been successfully fabricated using a Continuum picosec- 25 **** s** 51 *^ or the superconductor film, or lie in be- 
ond pulsed Nd:YAG laser. The pulse width of such a Tes P ec ^ coefficients of thermal expansion 

laser is approximately 30 ps, and the power density is of *e substrate and the superconductor film, 
t I f\ \ w-i 1 <i approximately 3 J^cm* Films can also be deposited During the formation of the intermediate layer by 
using excimer laser sources having wavelengths such as laser aWation ' oxygen gas should preferably be present 
£ z °i t 248 n™). XeCI (308 nm), ArF (193 nm), and N 2 30 m chamber 20 - amount of oxygen which should be 

(337 nm). Also Nd:YAG pulsed lasers operating at 1064 P"* 6 " 1 m chamDer 20 may be controlled by flowing 
nm, 532 nm, 355 nm and/or 266 nm, with nanosecond or mto 20 through input port 24 from about 5 

picosecond pulses have been successfully used to fabri- ?^ ndard c " blc centimeters per minute (seem) to about 
cate films. 50 sccm of °*ygen, when the volume of chamber 20 is 

The material comprising target 34 which will be 35 ab °"- t 100 liters - """^ flow rates ma y be adjusted ac- 
ablated by the laser beam to form on substrate 10 the "E*^** chambcrs ° f differing volumes, 
biaxially aligned intermediate layer, may comprise any ,« k « y " g °? 15 "J 1 .* IOrazinE m chamber 
material which is capable of forming such a buffer or *L flowmg " ""a* »P* means 42 and 

barrier layer and capable of being biaxially oriented or ^ The amount of ^ on which 

textured as it is deputed. By bring capable of serving ^ ' 0nmi,g * controlled by 

as a buffer or barrier layer I meant teS " 0wm f fromabout 2 sccm to about 20 sccm argon 
should be capable of preventing or nugS SK!™ 'fT V^^T^ ^ 

of materials from thesubstrate through the mternSiate S^T. ■ C ^?^? " T '?° ^"l™* such 
layer and then into the superconducting film. Such 45 %£^J$Z? ^T* ^dmgly for chambers of 
migration, for example, from a metal sutetrate to the 45 tSh£££Z£? ^? ^ ^ ^ * 
superconducting film could destroy or at least interfere ^ L » m whole or m throu « h ion 

Wiethe superconducting pro^^ of u^on! ^tS^^ *°t?- *°?> 

ducting film ^ * e tonizmg gas used in forming the ion beam, i.e.. 

Oxide films are usually used as the intermediate layer, „ £f ELj^X'S? ^ ^ ^ memS 42 f 1 
particularly when superconducting oxide films of the %t£T generator 40, comprise argon to assure the 

Se 2SL5 h y ^1 ab °r ° nC ?"* Durin S ** dc P«itio" °f Ae inLnediate kyS' on 

oxide material which has been used to form such an substrate 10, deposition chamber 20 is maintained at a 

^ c^eS^^T^ 2bCOniUm OXidC 55 P-^sure of from^about 0.1 mxtrr to a^^orr! 
2 7 Si^ ?T t ?^'?? nSe Z r 21rCOn ' Um Preferably from about 0.5 mTorr to about 1.5 mTorr 
^ ^ f " m ab0Ut 906 10 mTorr. This pressure may £ 

5 wt .% to about 15 wt ^preferably about 10 wt. %, achieved by first flowing argon through ion beam gen- 
ofyittnum oxtde Of^). Other oxides which could be erator 40 at a flow rate ofabout 10 sccm IS 
used m the formation of the desired intermediate layer 60 the vacuum pumping rate to provideTpTes^ure ofS 
^.X , » nl . ox.de (MgO^ stronaum titanium 0.5 mTorr in chamber 20, and then admitting oxygen 
nTtf /SS55?' ^i^fT 1 aJumi - A ™& h ^ Wet port 24 into chamber 20 and adjS 

W « , u" S?rtir£n ' ' ^.°^ C ^ U ° ) A 1 f llhimUn, ga - ^ °*yS M flow rate to provide a pressure ofabout 1.0 

b c\ r i * - late (LaGa0 3 ), banum titanate (BaTi0 3 ), and indium mTorr in chamber 20 

nv* t * / - " * ^-e oxide On^Oj) containing about 10 wt. % tin oxide 65 The temperature of substrate.lO, at the beginning of 
£?* 5*".^ f. snperconductog films, such as thedepositio n „may be at ambient temp^tuiSbwer. 
tasmufli strontium calcium copper oxide (BSCCO). can Typically, the temperature of substrate 10 wUl be about 
also be used over such oxide layers. -TO-'G: at the beginning of the deposition and will gradu- 
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ally nse to about 130; C. during a 15 minute deposition through the ion gun. The 20 x-ray diffraction pattern for 
due to ion beamheating. The deposition time will vary the argon-ion-assisted layer was nearly identical to that 
with the desired thickness of the intermediate layer to of the oxygen-ion-assisted layer ofExamplell shown in 

SU "? Strate *?■ . t mG - 3 at 0* indicating that the (001) texturing had 

As stated above, m accordance with one aspect of the 5 been maintained. However, as shown in FIG. 4, in- 
invention, after the deposition of the intermediate layer plane texturing was shown by the (111) <D-scan, indicat- 
»?• * esu ^««'«'c*>S fita may bedepos- ing alignment of the in-plane axis as well, i.e.. biaxial 
ilea over the intermediate layer in the same deposition alignment of the deposited YSZ layer 
apparatus, and using the same laser source, simply by 

rotating target support 30 followed by readjustment of 10 Example IV 

the spacing between substrate 10 and target 36 (if Over the biaxially oriented YSZ layer deposited in 
needed), usually by moving the substrate. Example III was deposited a 0.4 urn thick layer of a 

in a further aspect of the invention, the deposition.of yttrium-barium-copper oxide (YBCO) superconducting 
the superconducting layer over the biaxially oriented film while maintaining an oxygen flow of200 seem and 
intermediate layer is not only also carried out by laser 15 a pressure adjusted to 300 milliTorr. The substrate 
ablation m the same deposition chamber, but may also heater was kept at 760* C during the deposition. The 
earned out with simultaneous bombardment of the resulting superconducting film was highly c-axis ori- 
ented substrate with an ion beam during the deposition ented, as shown by the 20x-ray diffraction pattern 
of the superconducting film. For such a deposition, the shown in FIG. 5. The YBCO peak intensities for this 
ion beam may be operated under the same conditions as 20 film were an order of magnitude greater than for films 
used for the deposition of the intermediate layer. over YSZ layers without in-plane texturing, indicating 

The following examples will serve to further illus- an improved degree of c-axis alignment. A YBCO (103) 
trate the process of the invention. <(.-scan for this film is shown in FIG. 6. A high degree of 

Example I in-plane texturing is evident, with strong fourfold sym- 

- . j „ „ 23 metr y of the (103) peak and a low background level. 

AlSv l£ 7 ^ mckd-basedsuperaltoy (Haynes A 50 jun wide bridge approximately 1 mm in length 
AUoy No. 230) having an area of about 0.3 cm* were was patterned on the above described YBCO layer 
cut from 0.6 mm sheet and polished using aluminum using the excimer laser. Resistance and critical current 
oxide lapping powders to a final grit size of 0.05 /un. measurements were made with a standard four-point 
The substrates were nnsed in deionized water and in 30 probe. Contacts were made with silver paint. The nor- 
acetone and methanol. One of the substrates was then malized resistance versus temperature data appear in 
placed in a deposition chamber containing a YSZ target FIG. 7. T f (R=0) was approximately 92' K. The dc 
spaced 4 cm from the substrate and preheated to 500° C critical current densities (I uV/mm criterion) as a func- 
a 6 ,* e 6 ch f mber A was coated to a pressure of less tion of temperatures are shown in FIG. 8. The critical 
rtan 10-6 Torr. Approximately 2000 Angstroms of 35 current density (I c ) at 77* K. without a magnetic field is 
YSZwas deposited on the substrate by focusing on the shown at (a) to be 6X Ufi A/cn?, while with a0.4 Tesla 
target a KrF (248 nm) excimer laser having a pulse rate field parallel to the film, as shown at (b); and at 45* to 
ot 5 Hz, and a pulse duration of 35 nanoseconds, and an the film, as shown at (c) ; the J e 's fall to 8X 10*. 5X 10* 
energy density of 2-3 J/cm*. The deposition was car- and 3X 10* A/cm*, respectively. While it is not the 
ned out for 15 minutes. During the deposition, oxygen, 40 intent to be bound by any theories, it is believed that this 
at a rate of about 10 seem was flowed into the chamber, unusual angular dependence of J a lowest with field at 
and the pressure was maintained at 1.0 mTorr. No ion 45' (rather than perpendicular) may be attributable to 
ftZV** A / iseenat < a > in FIG 3 ' leased flux pinning for fields perpendicular to the 
he (002) x-ray diffraction peak demonstrating (001) film, compared with epitaxial films. These values are 
texture or onentatton is broad and shallow, likely indi- 45 higher than any previously reported for films on poly- 
catmg incomplete (001) textunng. crystalline substrates and are doser to those demon- 

Example II strated for films on single crystals, being at levels sirit- 

_ , „ . able for applications to high-current tapes for current 

me same deposition conditions were carried out on a leads, solenoids, etc 
second of the cleaned substrates while, however, also 50 Thus, the combination of depositing the intermediate 
focusing an ion beam on the substrate at a 55' angle of layer on a non-single crystalline substrate by laser abla- 
mcidence, from an ion beam source located in the vac- tion together with simultaneous bombardment of the 
uum chamber a distance of 8 cm from the target The substrate with an ion beam, preferably an argon ion 
voltage of the ion beam was maintained at 150 volts, beam, results in a biaxial texturing or orientation of the 
while the current of the beam (which fluctuated some 55 intermediate layer, which thereby permits the deposi- 
dunng the run and had to be manually readjusted from tion thereon of a superconducting film having biaxial 
tune to time) was held near 10 mA. orientation or texturing thereof, resulting in an im- 

Oxygen was supplied to the ion gun at a rate of 10 proved J e for the superconducting film which may ap- 
sccm - nG ,. 3 at (b) shows Ae x-ray diffraction of the proach that of a superconducting film formed over a 
resulting YSZ intermediate layer with strong (001) tex- 60 single crystal substrate 

turtng (alignment along the c-axis normal to the plane of While specific embodiments of the process of the 
vc-y £ v 0W *«?l . Urther c t haracterization of the invention have been illustrated and described for carry- 
YSZ. fum by a (111 ) <fwscan showed no evidence of ing out the invention, modifications and changes of the 
alignment of the in-plane crystal axes. apparatus, parameters, materials, etc. used iff the pro- 

Example III 65 pep yi 11 become apparent to those skilled in the art, and 

,_ , „ it is intended to cover in the appended claims all such 

The process of Example n was repeated, except that modifications and changes which come within the 
argon was substituted for oxygen, at the same flow rate, scope of the invention. 
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What is claimed is: 

1. A process for forming a biaxially oriented layer on 
a substrate in a deposition chamber which comprises: 

a) depositing said layer on said substrate by laser 
ablation deposition; and 5 

b) bombarding said substrate with an ion beam during 
said deposition. 

2. The deposition process of claim 1 wherein said step 
of depositing further comprises depositing said layer to 
a thickness of greater than about 200 Angstroms. 10 

3. The deposition process of claim 1 wherein said step 
of depositing further comprises depositing said layer to 
a thickness of at least about 500 Angstroms. 

4. The deposition process of claim 1 wherein said step 
of depositing further comprises depositing said layer to 15 
a thickness of at least about 1000 Angstroms. 

5. The deposition process of claim 2 wherein said ion 
beam comprises argon ions. 

6. The deposition process of claim 5 which further 
includes flowing from about 5 to about 20 seem of 20 
argon into said chamber through an ion beam gun in 
said chamber to form said ion beam comprising argon 
ions. 

7. The deposition process of claim 5 wherein said 
process is carried out in the presence of oxygen in said 25 
chamber. 

8. The deposition process of claim 7 wherein said 
process further includes flowing from about 5 seem to 
about 50 seem of oxygen into said chamber during said 
deposition. 30 

9. The process of claim 7 wherein said ion beam com- 
prises argon and oxygen ions. 

10. The deposition process of claim 5 which further 
comprises depositing as said layer a material which 
inhibit migration of substrate materials therethrough. 35 

11. The deposition process of claim 10 which further 
comprises depositing as said layer a material having a 
thermal coefficient of expansion either equal to or in 
between the respective thermal coefficients of expan- 
sion of said substrate and a superconducting film formed 40 
over said layer. 

12. The deposition process of claim 10 wherein said 
step of depositing said layer on said substrate further 
comprises depositing said layer on a non-crystalline 
substrate. 45 

13. The deposition process of claim 10 wherein said 
step of depositing said layer on said substrate further 
comprises depositing said layer on a polycrystalline 
substrate. 

14. The deposition process of claim 10 which further 50 
comprises depositing said layer on a metallic substrate. 

15. The process of claim 5 which further comprises 
carrying out said deposition in a deposition chamber 
which is also used to subsequently deposit a supercon- 
ducting film over said layer. 55 
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16. The process of claim 5 which comprises the fur- 
ther step of depositing a superconducting film over said 
biaxially oriented layer by laser ablation. 

17. The process of claim 16 wherein said further step 
of depositing a superconducting film over said biaxially 
oriented layer by laser ablation is carried out in the same 
deposition chamber. 

18. The process of claim 17 wherein said further step 
of depositing a superconducting film over said biaxially 
oriented layer by laser ablation is carried out while 
bombarding said layer with said ion beam. 

19. The process of claim 2 wherein said ion beam is 
directed toward said substrate at an angle of incidence 
of from about 20* to about 70°. 

20. The process of claim 2 wherein said ion beam is 
directed toward said substrate at an angle of incidence 
of from about 30* to about 60°. 

21. A process for forming a biaxially oriented inter- 
mediate layer on a non-single crystal substrate which 
comprises: 

a) depositing on said substrate by laser ablation an 
intermediate layer of a material capable of forming 
a biaxially oriented layer; and 

b) bombarding said substrate during said deposition 
with an ion beam comprising argon ions at an angle 
of incidence of from about 20° to about 70°; to 
thereby form said biaxially oriented intermediate 
layer having one axis lying in the plane of said layer 
and another axis normal to said plane. 

22. The process of claim 21 including the further step 
of depositing by laser ablation a superconducting film 
over said biaxially oriented intermediate layer. 

23. A process for forming a biaxially oriented super- 
conducting film on a non-single crystal substrate which 
comprises: 

a) depositing on said substrate by laser ablation an 
intermediate layer of a material capable of forming 
a biaxially oriented layer; 

b) bombarding said substrate during said deposition 
with an ion beam at an angle of incidence of from 
about 20° to about 70* to thereby form said biaxi- 
ally oriented intermediate layer; and 

c) depositing by laser ablation a biaxially oriented 
superconducting film over said biaxially oriented 
intermediate layer. 

24. The deposition process of claim 23 wherein said 
ion beam comprises argon ions. 

25. The deposition process of claim 24 which further 
includes bombarding said substrate with said ion beam 
during said step of depositing said superconducting film 
over said biaxially oriented intermediate layer. 

26. The process of claim 25 wherein said ion beam is 
directed toward said substrate at an angle of incidence 
of from about 30° to about 60°. 
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